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(57) ABSTRACT 

An apparatus is provided in a digital communications device 
for efficiently determining the Hamming distance for trellis 
based decoders, such as decoders for punctured convolu- 
tional codes. The Hamming distance is predetermined for 
all codes and stored in program memory. In one version, the 
device comprises five components including a state sequenc- 
ing circuit, a Hamming distance table generator, a Hamming 
distance table, a Hamming distance retrieval circuit, and an 
ACS circuit. The state sequencer groups all of the possible 
2 m possible states into groups of similar branch metrics. The 
Hamming distance table generator is responsive to the state 
sequencer and determines the Hamming distance for all 
combinations of puncture code, received symbol, and tran- 
sition paths. This may be performed once and stored in 
permanent memory or performed each time the digital 
communications device is initialized and stored in a random 
access memory. The Hamming distance table is a memory 
arranged as a three dimensional table which stores the 
results of the Hamming distance table generator. The Ham- 
ming distance table receives addresses and data from the 
Hamming distance table generator. The table may be a 
permanent memory or a random access memory. The Ham- 
ming distance retrieval circuit receives the puncture code 
and the received symbol and, based on these inputs, retrieves 
the appropriate information from the Hamming distance 
table. The ACS circuit is responsive to an output of the 
Hamming distance table and the state sequencer to output 
the surviving path metrics for all trellis states corresponding 
to the received symbol. 

29 Claims, 10 Drawing Sheets 
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VITERBI DECODING OF PUNCTURED of doing this is to add redundancy to the transmitted signal 

CONVOLUTIONS CODES WITHOUT so that the receiving channel decoder 116 may make a 

REAL-TIME BRANCH METRIC decoding decision based on more than a single bit. 

COMPUTATION One common type of error control technique used in 

« ^n/M„m rt r«,r^r,^rr,AVT 5 digital telecommunications networks is a convotutional 

BACKGROUND OF THE INVENTION ^ A which provides n 

1. Field of the Invention output symbols for each group of k input symbols. The code 
The present invention relates to channel decoders for rate is defined as R-k/n. For example, if two symbols are 

digital wireless communications devices. More particularly, output for every one input symbol, the code rate is 1/2. 
the present invention provides a method and apparatus for a 10 While convolutional encoding provides adequate redun- 
digital wireless communications device to decode in real- dancy for effective error control, it also increases the band- 
time a received signal which was encoded using a punctured width of the signal because it adds a number of symbols to 
convolutional code. In a preferred embodiment, a channel the transmitted signal. The inverse of the code rate is known 
decoder is provided which permits Viterbi decoding of as the bandwidth expansion of the unpunctured convolu- 
signals which have been encoded with a convolutional code, 15 tionai encoder. Thus, for a 1/2 code rate, the bandwidth 
including a punctured convolutional code, without deter- expansion is 2, i.e., the bandwidth used by signal is doubled, 
mining the branching metric in real-time. One way to improve the bandwidth expansion of convo- 

2. Discussion of Related Art lutional codes is to "puncture" the code. Puncturing a 
FIG. 1 is a simplified block diagram of a reception portion , n convolutional code means that periodically a certain number 

of a digital wireless communications device 100, such as a of bits * me convolutional encoder output are deleted at a 

digital cellular phone which may be used with a fixed rate. This rate is called the puncture rate. 

TMS320C5x digital signal processor made by Texas FIG. 2 illustrates an example of a convolutional encoder 

Instruments, Dallas Tex. or other suitable processor. A 200. In this exemplary encoder 200, two bits Yj and Y 2 are 

preferred digital cellular phone may include an antenna 102, ^ provided to the convolutional encoder and the encoder 

a duplexer 104, a mixer 106, an oscillator 108, a demodu- outputs a bit Y 0 . The Y 0 bit carries only forward error 

lator 110, a 90° -phase shifter 112, an equalizer 114, a correction information and thus is referred to as a redundant 

channel decoder 116, a speech decoder 118, a digital-to- bit. As seen in FIG. 2, a typical convolutional encoder is a 

analog converter (DAC) 120, and a speaker 122. 3-bit shift register having three states 202, 204, 206 inter- 

The reception portion of the digital cellular telephone of 30 connected by AND and XOR logic (not shown). The com- 

FIG. 1 may operate in the following manner. A digital bined set of three bits 202, 204, 206 of encoder memory (S 0> 

communications signal may be received by the antenna 102 S lf Sj) is typically referred to as the delay state. The output 

and passed through the duplexer 104 to the reception portion bils Oo» Y^YJare grouped into an output symbol typically 

of the digital communications device 100. The mixer 106 referred to as the path state. Note that given a particular 

steps the received signal to a lower workable frequency 35 delay state (Sq, S 1( S 2 ) not all path states may be possible in 

(called an intermediate frequency) by mixing the received tnat tmie interval. 

signal with a frequency provided by an oscillator 108. The Because the encoder 200 may be considered to be a finite 

signal, now at an intermediate frequency, is demodulated by state machine, a finite state diagram may be used to repre- 

the demodulator 110. The demodulator 110 extracts infor- sent the possible states the machine may be in at a particular 

mation from the intermediate frequency. The demodulator 40 time. FIG. 3 is a trellis diagram 300 of an encoder which 

may receive a signal from the oscillator 108 which has been may be in one of either of two states: 0 or 1. This trellis 

shifted 90° by the 90° -phase shifter 112. A preferred modu- diagram 300 is often referred to as a Viterbi butterfly. As 

lation (and thus demodulation) technique is differential seen in FIG. 2, the encoder 200 has m delay elements (in this 

quaternary phase-shift keying (DQPSK), but other modula- example, m»3) and may be described as having 2™ (in this 

tion techniques may also be used. 45 example, 8) states, a.k.a. trellis states. For each new infor- 

The demodulated signal is then sent to the equalizer 114 mation bit shifted into the register, r output bits (in this 

to be equalized to account for channel distortion such as example, 3) are generated by the multiplexing of r different 

Rayleigh fading (caused by multi-path effects) and Doppler generator polynomials g, where g is a generator polynomial 

effects (caused by the movement of the transmitter with described by a set of XOR operations on selected delay 

respect to the received signal). The equalizer 114 is essen- 50 elements of the encoder 200. For each steady state of the 

tially an inverse filter of channel distortion. The channel register, these output bits (or one output symbol) are used to 

decoder 116 detects and corrects errors in the bit stream, describe the state transition from the previous steady state of 

demultiplexes control data, and feeds the data to the speech the register to the current steady state of the register. This 

decoder 118. As discussed below, if a convolutional encod- output symbol shall hereinafter be referred to as a "transition 

ing scheme, such as a punctured convolutional encoding 55 symbol". There are 2 r (in this example, 8) possible different 

scheme, was used to encode the received signal, a Viterbi transition symbols. 

decoding scheme may be used to detect and correct errors in For each current state, there are two possible new states, 

the bit stream. The channel decoded signal is then sent to the These states are determined by whether the new information 

speech decoder 118, which decodes any speech encoding bit is a 0 or 1. Likewise, for each current state there are two 

which may have been performed on the received signal. A eo possible previous states (0 or 1). This is illustrated in FIG. 

preferred speech coding method is vector sum excited linear 3, which is a trellis structure 300 illustrating the possible 

prediction (VSELP), but other speech coding methods may states of the convolutional encoder 200 of FIG. 2. In FIG. 3, 

also be used. The DAC 120 converts the digital signal into the designation 0/xyz indicates a 0 input bit and a transition 

an analog signal suitable to drive the speaker 122. symbol of xyz; the designation 0/xyz indicates a 0 input bit 

One method to improve the reliability of a telecommu- 65 and that the transition symbol is the complement of xzy (in 

nications network is to add error control processing at the the text, italicized type indicates "complement".) The func- 

transmitting and receiving ends of the network. One method tion of a decoder is to determine the most likely output. One 
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way to do this is to use a sequence of states to determine the lance table generator is responsive to the state sequencer and 
path having the lowest "cost", i.e., the path which deviates determines the Hamming distance for all combinations of 
the least from the received signal. Cost functions may be puncture codes, received symbols, and transition symbols, 
unique to each modulation technique. One commonly used This may be performed once and stored in permanent 
cost function is a Hamming distance, which is often used for 5 memory or may be performed each time the digital corn- 
binary signals. (Although Hamming distances are described munications device is initialized and stored in a random 
and claimed herein, a person skilled in the art readily access memory. The Hamming distance table is a memory 
recognizes that other suitable cost functions may be used.) arranged ^ a three dimensional table which stores the 
A Viterbi decoder, for example, determines the most likely of me Hamming distance table generator. The Ham- 
sequence of sutese^^^^ J0 ^ ublc receives addresscs and data from the 
200 when it encodes the received signal. Hamming distance table generator. The table may be stored 
A Hamming distance d„ may be determined by accumu- m a pennan eat memory or a volatile or random access 
lating the result of an exclusive-or (XOR) operation between memor y. The Hamming distance retrieval circuit receives 
each bit of the received code and the respective bits of the me pUDCture code and the received symbols and, based on 
trellis branch. Given sufficient precision in the processor, a 15 tbssa mputS( retrieves me appropriate information from the 
single XOR operation at symbol level may be used to Hamming distance table. The ACS circuit is responsive to an 
determine the error symbol. This is followed by the accu- output of the Hammmg distance table and the state 
mulation of error bits, which requires additional operations. sequencer and calculates the surviving paths for the states in 
For example, if the result of the XOR on the three bit symbol lhe order determined by the state sequencer, 
is 110, it indicates that the first two bits of the received 2Q 

symbol are different from the reference transition symbol. As a result of the inventive device, the branch metric may 
Thus, the Hamming distance is the algebraic sum of the ° e obtained without determining the branch metric in real- 
number of bits in error, in this case being two. ^me. Rather, the branch metrics for all possible states and 
For each received symbol, the branch metrics for each of puncture codes are predetermined, stored in memory, and 
the possible states are calculated by comparing the received « retrieved. This greatly reduces the computational needs of a 
symbol with the two path metrics for each state. This is decoder ' particularly for decoding a signal using a 
called the branch metric step. Then the path metrics are punctured convoluuonal code. As a result, the Viterbi decod- 
calculated by adding each branch metric with the surviving "« P rocess mav * Performed more efficiently and with 
path metric from the state from which the branch originates. fewer computations. 
The two path metrics entering each state are then compared 30 

and the one having the lowest cost metric is chosen as the BRIEF DESCRIPTION OF THE DRAWINGS 
surviving path for that state. This is called the add/compare/ 

select (ACS) step. This step is complicated when decoding The present invention is described with reference to the 

a punctured convoluuonal code. The decoder decides which following figures: 

bits from the received symbols have been punctured 35 piG. 1 is a simplified block diagram of a conventional 

(deleted) and to include in the d A accumulation only the digital telephone reception portion; 
result of the XOR operation for bits which have not been 

punctured. This results in additional computational com- F 10 * 2 fa a simplified block diagram of a convolution^ 

plexity in the branch metric calculation stage. channel encoder; 

After the surviving paths for all states and all received 40 FIG. 3 is a Viterbi butterfly diagram illustrating possible 

symbols are calculated, the received bitstream is determined state changes in the channel encoder of FIG. 2; 

by tracing back from the current state through each previous m ^ A , . ^ , 

state to the first state. The state change for each transition is ^ 4 15 a simphfied block diagram of a digital telephone - 

determined and consequently the input data to the convo- reception portion having a Viterbi decoding device accord- 

lutional codes causing that state change is also determined. 45 mg to a prcferred embodimem of P resent invention; 

This is called the trace back step. FIG. 5 is a block diagram of a Viterbi decoder according 

The branch metric step is computationally intensive and is to a preferred embodiment of the present invention; 

performed frequently even during a single transmission. _^ £ . , ... m . .... . c 

r __ - . . J .. A r . . . 4 FIG. 6 is a graph illustrating the three dimensions of 

TWoie, it ,s an object of the presen invention to determining H i£ming distances for a punctured convolu- 

provide an unproved method and apparatus for performing 50 t - Qna j 

FIG. 7 is a flowchart illustrating a preferred method 
performed by the Hamming distance table generator accord- 

This and other objects of the present invention are pro- to the present invention; 

vided by an apparatus in a digital wireless communications 55 

device for efficiently determining the d h for trellis based HG - 8Ais a block diagram illustrating a preferred layout 

decoders, such as decoders for punctured convoluuonal of a Hamming distance table according to a preferred 

codes. In a preferred embodiment, d A is pre-determined for embodiment of the present invention; 

all codes and stored in program memory, thereby avoiding FIG. SB illustrates the entries in a portion of the Hamming 

real-time computation of the metric. 60 distance table; 

Preferably, the inventive device comprises five compo- _ . . . , « * 

nents. TTiese components include a state sequencing circuit, J 10 : 9 15 * dluSt f ra lm 6 a P r l ! ferred m * hod of 

a Hammmg distance table generator, a Hamming distance ° b b taimng d a dtSUCd addreSS &0m the Hammm g dlstance 

table, a Hamming distance retrieval circuit, and an ACS laDle » a* 1 " 

circuit. 65 FIGS. 10A, 10B, and 10C are flowcharts illustrating a 

The state sequencer groups all of the 2 m possible states preferred method of determining the branch metric and 

into groups of similar branch metrics. The Hamming dis- surviving paths according to the present invention. 



the branch metric step without real-time computation 
SUMMARY OF THE INVENTION 
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DETAILED DESCRIPTION OF PREFERRED Structure and Operation of a Preferred Embodiment 

EMBODIMENTS State Sequencer 

~ . . For a rate R-k/n coder, there are 2 r possible transition 

Overview of the Invention symbo]s ^ m ^ trmadtu ^ (whcrc r ^ lhc bandwi dth 

FIG. 4 is a simplified block diagram of a reception portion 5 expansion of the unpunctured convolutional encoder defined 

of a digital wireless communications device 400 according as 1/R or n/k). Hence, there are also 2 r possible unpunctured 

to a preferred embodiment of the present invention. The received symbols. For a coder having m delay elements, 

device 400 may be a digital cellular phone which may be there are 2 m possible states, and thus there are (2x2") 

used with a TMS320C5x digital signal processor made by different branch metrics to be determined in the decoder for 

Texas Instruments or other suitable processor. The device 10 each received symbol. Therefore each transition symbol is 

400 may be similar to the device 100 of FIG. 1. The device repeated (2x2 m )/2 r times. For example, in a 1/3 coder there 

400 according to the present invention, however, includes in are 2 3 (i.e., 8) possible transition symbols, and a coder with 

the channel decoder 116 a Viterbi decoder 402 according to m-4 will require 2x2 4 -32 branch metrics to be calculated in 

the present invention. me decoder with each transition symbol occurring four 

- - ii i „ f „ . ^. or Airt 1C limes. The embodiment where m-4 is used in ITU recom- 

FIG. 5 is a block diagram of a Viterbi decoder 402 15 meQdalion c tQ g^^^ channel 

according to a preferred embodiment of the present inven- fof Ucations tQ ^ uscd ^ 

tion As seen in FIG. 5, the Viterbi decoder includes a sUte h ^ fof multimcdia communications transmitting 

sequencer 502, a Hamming distance table generator 504, a at 53 & 63 kbits/sec," November 1996. The contents of this 

Hamming distance table 506, a Hamming distance retrieval document are incorporated herein by reference. For codes 

circuit 508, and an ACS circuit 510. 20 {^g^ m values, the transition symbol may be repeated 

The state sequencer 502 groups all of the 2 m possible for more states. That is, there are more states in the same 

states into groups of similar branch metrics. The Hamming group. 

distance table generator 504 is responsive to the state In a preferred embodiment, the state sequencer 502 

sequencer 502 and determines the Hamming distance for all groups all 2 m states into groups of (2x2 w )/2 r states of similar 

combinations of puncture codes, received symbols, and 25 branch metrics. The output of the state sequencer 502 is 

transition symbols according to a preferred embodiment of applied to the Hamming distance table generator 504 and the 

the present invention. This may be performed once and ^X^* circuit 510. 

stored in permanent memory or be performed each time the Hamming Distance Table Generator 

digital communications device 400 is initialized and stored Th c Hamming distance table generator determines the 

in a volatile or random access memory. 30 Hamming distance for all combinations of puncture codes, 

m „ . Jt , , - ■ received symbols, and transition symbols, the order of which 

Ihe Hamming distance table 506 is a memory arranged as ^ determirjed by the sUle sequencer 502 described above, 

a three dimensional table which stores the results of the Hamming distance table generator 504 determines the 

Hamming distance table generator 504. The Hamming dis- Hamming distance for the three dimensional (3-D) relation- . 

tance table 506 receives addresses and data from the Ham- 3J sm p as shown in FIG. 6 and according to a sequence defined 

ming distance table generator. The table may be stored in a by the state sequencer 502. FIG. 6 is a graph 600 illustrating 

permanent memory or a volatile or random access memory. the three dimensional relationship for solving the Hamming J 

The Hamming distance retrieval circuit 508 receives the distances for a punctured convolutional code. As seen in 

puncture code and the received symbol and, based on these FIG. 6, a first axis 602 represents the received symbol. As 

inputs, calculates the correct address location and retrieves indicated above, there are 2 r possible received symbols. A 

the appropriate information from the Hamming distance second axis 604 represents the puncture code (for the 

table 506. received symbol) which may vary during a transmission. 

r„ A ™ • - 1A - „™ tn rtf tK „ The values of either or both of these two axes may vary with 

The ACS circuit 510 is responsive to an output 01 tne . , . ... . . . . i . . 

T1 . ,. t t . . - Az . en-> a time, even during a single transmission. Associated with 

Hamming distance table 506 and the state sequencer 502 and ^ ^ ^ a of ^ 

calculates the surviving paths for the states in the order 45 oQ a ^ ^ m A{ ^ m ^ ^ dimC nsional 

determined by the state sequencer. Preferably, the ACS space Ues a unique Hamming disUnce value . ^ Hamming 

circuit 510 is in communication with a previous path distance table generator 504 solves these relationships and 

memory 512 and a current path memory 514. The previous stores tne resu hs, herein known as distance metrics, in the 

path memory 512 preferably comprises T states notational, Hamming distance table 506 which, as described below, is 

which are identified as states on the left side of the Viterbi 50 arranged as a three dimensional look-up table. 

butterfly cell 300. The previous path memory 512 may also FIG. 7 is a flowchart 700 illustrating a preferred method 

have an address counter or pointer having values ranging performed by the Hamming distance table generator 504. 

from 0 to 2 m -l which may point to any of the 2 m locations. The Hamming distance table generator 504 preferably per- 

The current path memory 514 preferably comprises 2"* forms the following steps: 

elements which store the surviving minimum path metrics 55 First, the 2 r transition symbols received from the state 

for 2 m states notational identified as the states on the right sequencer 502 are ordered according to the determined state 

hand side of the Viterbi butterfly cell 300. The current path sequencing as follows (step 702): 

memory 514 may also have an address counter or pointer TRANSITION SYMBOL 0: 

having values ranging from 0 to 2""-! which may point to xvz 

any of the 2 m locations. 60 xyz (where halics represent the complement) 

As a result of the inventive device, the branch metric may TRANSITION SYMBOL 1 : 
be performed without determining the branch metric in 
real-time. Rather, the branch metric for all possible states 
and puncture codes is predetermined, stored in memory, and 

retrieved. This greatly reduces the computational needs for 65 

Viterbi decoding, particularly for decoding a signal using a aDC 

punctured convolutional code. abc 



uvw 

TRANSITION SYMBOL 2 r - 
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This determined state sequence is applied by the ACS 510 as distance table is arranged by puncture codes, received 

follows: symbols, and transition symbols. For each puncture code, a 

(1) group states with the same transition symbols together memory block 802A, 802B, . . . , 802(2 r -l) is arranged, 
in the order of the Hamming distance table 506, for Each memory block 802/1 is divided into sub-blocks 804 A, 
example, as shown in FIG. SB (described below); 5 804B, 804(2' for each of the possible 2 r received symbols. 

(2) retrieve the Hamming distance for one group of states; Each received symbol sub-block 804n includes a table 806 

(3) determine the surviving path; and containing each possible cost, for example, Hamming 

(4) repeat steps 1-3 for all transition symbols from 0 to distance, for the sequence of transition symbols for the 
2 r -l. appropriate puncture code and received symbol. The values 

Second, the 2 r received symbols are ordered in increasing 10 stored in these tables were predetermined by the Hamming 

order (step 704). For example, where r-3, the received distance table generator. 

symbols may be ordered as follows: 000, 001, 010, 011, 100, FIG. 8B illustrates the entries in a portion of the Hamming 

101, 110, 111. Third, the 2 r -l puncture codes are ordered in distance table 506 which maps the states and path sequence 

increasing order (step 706). For example, where r-3, the for transition symbols of a certain puncture code. In this 

codes may be ordered as follows: 001, 010, 011, 100, 101, 15 figure, "transition symbol" refers to the transmitted, unpunc- 

110, 111. Fourth, the puncture code, received symbol, and tured code symbol for a state transition; "even" refers to a 

transition symbol are each set to initial values (steps 708, current state which is an even state: 0, 2, 4, 6, ... ; "odd" 

710, 712). refers to a current state which is an odd state: 1, 3, 5, 7 . . 

Next, the received symbol is processed with respect to the . ; and 8-*0 (or other transition) refers to a transition from 

transition symbol (step 714). Preferably, the received sym- 20 slate 8 to state 0. In the first row, 000 is the transition symbol 

bol and transition symbol values are exclusive-ored for even state transitions Q-*0 and 13-*10 and odd state 

(XORed) together. The puncture code is then applied to the transitions 8-*l and 5-* 11; while 111, which is the comple- 

processed received symbol and the cost, for example, the ment of 000, is the transition symbol for even state transi- 

Hamming distance is determined (step 716). This may be tions 8-*0 and 5-* 10 and odd state transitions 0-*l and 

performed as follows. Assume the received symbol is 01 and 25 13-* 11. The rows are grouped into states having the same 

the puncture code is known to be 110. The 0 indicates a bit branch path metric and complement, 

to be punctured (deleted). The puncture code indicates that As described above, the Hamming distance table 506 may 

the third bit was punctured. Thus, the received symbol has be a permanent memory. If so, values may be determined 

a 0 stuffed in the punctured position to become 010. Assume once and stored. Alternatively, the Hamming distance table 

the path to which the received symbol to be compared with 30 506 may be a random access or volatile memory and the 

is 111. These two values are XORed together to yield 101 . values are determined and stored periodically, such as each 

This value is logic ANDed with the puncture code (110) to time the digital cellular communications device 400 is 

provide the Hamming distance. In this example, the results initialized. 

of the AND is 100 and the Hamming distance is the sum of Hamming Distance Retrieval Circuit 

these digits: 1+0+0-1. The determined Hamming distance is 35 The Hamming distance retrieval circuit 508 receives the 

stored in the Hamming distance table 506 and the table received puncture code and received bits. This circuit 508 

address is increased by one to point to the next table memory packs the received bits into the respective received symbols, 

location (step 718). An erasure bit of 0 is stuffed into the punctured bit location 

If the received symbol has not been processed with each for that received symbol, 
transition symbol (step 720), the transition symbol memory 40 The Hamming distance retrieval circuit 508 then deter- 
location is incremented to the next transition symbol (step mines an address from which to retrieve a Hamming dis- 
722) and the process repeated. If every received symbol has tance metric from the Hamming distance table 506. 
not been processed with all of the transition paths (step 724) Preferably, the Hamming distance retrieval circuit is con- 
fer the first puncture code, the received symbol memory figured to combine the received puncture code and received 
location is incremented to the next received symbol (step 45 symbol to obtain an address in the Hamming distance table 
726) and the processed is repeated. If each received symbol containing desired information. In a preferred embodiment, 
has not been processed with each puncture code (step 728), the address is generated in the following manner, 
the puncture code memory location is incremented to the FIG. 9 is a flowchart 900 illustrating a preferred method 
next puncture code (step 730) and the process is repeated. of obtaining a desired address from the Hamming distance 

Attached as Appendix A is assembly code of a preferred 50 table 506. First, the puncture code for the received symbol 

method of determining the Hamming distance for a full is multiplied by 2 2r to provide px2 2r (step 902). Next, 2 2r is 

range of puncture codes, received symbols and transition subtracted from this value to obtain a first entry in the 

symbols. memory block for that puncture code (step 904). (Recall that 

Hamming Distance Table there are 2 r -l puncture code values.) Alternatively, 1 is 

The Hamming distance table 506 is a memory circuit 55 subtracted from the puncture code value, which is then 

arranged as a three dimensional look-up table. The Ham- multiplied by 2 2r . 

ming distance table stores the results of the Hamming Next, the received symbol is multiplied by 2 r . This 

distance table generator 504 as distance metrics described product is added to the value ((px2 2r )-2 2i ) to obtain the 

above. This three dimensional look-up table has as a first received symbol entry address for the puncture code (step 

dimension a range of puncture codes, as a second dimension 60 906). 

a range of received symbols, and as a third dimension a This address is added to the Hamming distance table 506 

range of transition symbols for a particular puncture code starting address to locate the address of the desired table of 

and received symbol. The Hamming distance table 506 the Hamming distances for the sequence of transition sym- 

contains a total of (2 r -l)x2 r x2 r elements. An example of a bols 806 (step 908). The desired table of the Hamming 

preferred layout of a Hamming distance table 506 according 65 distances for the sequence of transition symbols is retrieved 

to a preferred embodiment of the present invention is (step 910) and output to the ACS circuit 510 for processing 

illustrated in FIG. 8 A. As seen in FIG. 8 A, the Hamming (step 912) as described below. 
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The Hamming distance retrieval circuit 508 performs this point to the previous path metric for state 8 (step 1106). 

method once only per received symbol at the start of the first These two values are retrieved and added together (step 

group of states, irrespective of the number of trellis states to 1108). This sum is compared to the path metric stored in 

decode. As a result, this operation of the Hamming distance temporary memory, with the minimum value of the two 

retrieval circuit 508 does not contribute significantly to 5 sums being retained and stored in the current path memory 

processing overhead. Thus, the address calculations are 514 for state 0 (step 1110). Hiis is shown in the first two lines 

performed only once for each received symbol. Thereafter, of FIG. SB in the EVEN state column. After this operation 

Hamming distances may be retrieved for all states by the Hamming distance table address is decremented by 1 to 

reading successive address locations on the table. This is point back to the branch metric for state 000 and the 

particularly useful for codes having a high Dumber of states. 10 previous path memory pointer is not changed so as to remain 

For example, CDMA (code divisional multiplex access) uses pointed to the previous path metric for state 8 (step 1112). 

m-8 and therefore has 256 states. After this method is Calculate for state 1. Retrieve the current branch metric 

performed once at the start of each new group of states for path 000 and add it to the previous path metric for state 

defined in the ACS circuit 510, the Hamming distance 8 (step 1114); the sum is stored in the temporary memory 

retrieval circuit 508 increments the branch metric address 15 (shown by line one of FIG. 8B in the ODD states column), 

pointer by 2 to access the next element in the table. Note that After this operation the Hamming distance table address is 

because the table is arranged in pairs — a path and a comple- incremented by 1 to point to the next branch metric (for path 

ment of the path — the address pointer is incremented by 2 to 1U) and the previous path memory 512 pointer is decre- 

access the next address.) mented by 8 so as to point to the previous path metric for 

Add/Compare/Select Circuit 20 state 0 (step 1116). The two values are retrieved and added 

The ACS circuit 510 expands all 2 m trellis states and together. This sum is compared with the sum in temporary 

determines the surviving path and metric. The ACS circuit memory. The minimum of these two sums is selected and 

510 sequences the determination of the states according to stored in the current path memory 514 (step 1118). After this 

the information provided from the state sequencer 502. For operation, the Hamming distance table address is decre- 

each Viterbi butterfly cell, the address counters for the 25 mented by 1 to point back to the branch metric for path 000 

current path memory 514 and previous path memory 512 are and the previous path memory pointer is not changed so as 

loaded. The ACS circuit 510 determines the surviving paths to remain pointed to the previous path metric for state 0 (step 

for the two states S^j and Sy+i^i based on the previous 1120). So at the end of the cell expansion the Hamming 

paths from states S y ^ and S^ >2 4 in the following manner. distance table address pointer and previous path memory 

FIG. 10A is a flowchart 1000 illustrating a preferred 30 pointer are back where they started, 

method of determining the branch metric and surviving In the preferred embodiment, the increment/decrement of 

paths according to the present invention. First, a first group addresses occurs simultaneously after each memory access 

of (2x2 m )/2 r states is selected (step 1002). For this group, a for no additional CPU cycles. Thus, the whole process is 

first Viterbi butterfly cell is expanded (step 1004). A pre- performed without branch metric computation, 

ferred manner of performing this expansion is illustrated in 35 The calculation for states 10, 10+1 is called the second 

FIG. 10B, described below. For this same group, a second Viterbi butterfly cell. FIG. 10C is a flowchart 1200 illus- 

Viterbi butterfly cell is expanded (step 1006). A preferred trating a preferred method for expanding a second Viterbi 

manner for performing this expansion is illustrated in FIG. butterfly cell. This is similar to the first cell expansion with 

10C, described below. These two cells use the same Ham- one difference being that the previous path memory 512 

ming distance branch metric (and complement) identified by 40 pointer starts as a high value and is decremented. Again, the 

dooo, d m being the first two elements in the Hamming illustrative example of FIG. 8B is used, 

distance table. Note that for codes with larger values of m Calculate for state 10. Increment the Hamming distance 

(such as CDMA), many states may belong to the same group table address by 2 (to point to line 3 of the table of FIG. 8B). 

having the same branch metric. In that case, there will be Load the value 13 into the previous path memory -512 

additional Viterbi cell expansion steps after the second cell 45 address pointer (step 1202). Hamming distance address is 

(step 1006A). Next, the address to the Hamming distance now pointed at the branch metric for path 000, as seen on 

table is incremented by 2 to retrieve metrics for the next line 3 of FIG. 8B. Retrieve the Hamming distance branch 

group of states (step 1008). If not all of the groups of metric and the previous path metric, add them and store the 

(2x2 m )i2 r states have been expanded (step 1010), the next sum in temporary memory (step 1204). After this operation, 

group is selected (step 1012) and the process is repeated. 50 the Hamming distance table address is incremented by 1 to 

When all of the groups have been expanded (step 1010), the retrieve the next branch metric (for path 111) and the 

process is complete. previous path memory pointer is decremented by 8 so as to 

FIG. 10B is a flowchart 1100 illustrating a preferred point to the previous path metric for state 5 (step 1206). 

method for expanding a first Viterbi butterfly cell (using the These metrics are retrieved and added (step 1208). This sum 

values of the illustrative embodiment of FIG. 8B), In this 55 is compared with the sum stored in temporary storage and 

example, the Viterbi butterfly cell expansion begins on the the minimum result is selected and stored in current path 

first line of FIG. 8B. memory for state 13 (step 1210). After this operation the 

Load the value 0 into the previous path memory 512 Hamming distance table address is decremented by 1 to 

address pointer (step 1102). retrieve the next branch metric (for path 000) and the 

Calculate for state 0. Retrieve the first branch metric (for 60 previous path memory pointer remains unchanged so as to 

path 000), add it to the previous path metric (state 0), and point to the previous path metric for state 5 (step 1212). 

store the sum in temporary memory (step 1104). The pre- Calculate for state 11. Retrieve the Hamming distance 

vious path metric is retrieved from memory 512 using the branch metric at path 000 and add it to the previous path 

address counter (pointer) described above. After this opera- metric for state 5 and store the result (step 1214). The 

tion the Hamming distance table address is incremented by 65 Hamming distance table address is incremented by 1 (to path 

1, to point to the next branch metric (for path 111) and the 111) and the previous path memory pointer is incremented 

previous path memory 512 pointer is incremented by 8 to by 8 (to stale 13) (step 1216). Retrieve the Hamming 
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distance branch metric at path 111 and add it to the previous c. process a received symbol with respect to a transition 

path metic for state 13. Compare this sum with the first sum symbol; 

stored in temporary memory. Store the minimum of the two d. apply a puncture code to the processed received sym- 

sums in the current path memory 514 as the surviving path bo]. an( j 

for state 11 (step 1218). After this operation, the Hamming 5 e determine a Hamming distance for the processed 

distance table address is decremented by 1 (to path 000) and received symbol 

the previous path memory pointer is not changed so as to 4 ^ cnJmnel dccoder of cUim 3 whefein me Hamming 

remain pointed to state 13 (step 1220). distance table generator is further configured to determine 

Attached as Appendix B is assembly code for a preferred me Hamming dislance for a pluralil y of punctur e codes, 

method of implementing the inventive decoder. 10 symb ols, and transition symbols. 

Conclusion 5. The channel encoder of claim 3, wherem me Hamming 

Tnis inventive device performs the following functions: distance table generator is further configured to determine 

The state sequencer 502 determines the optimum state Hamming distances at an initializauon of the communica- 

sequencing. ^oas device. 
The Hamming distance table generator 504 predetermines is 6. The channel decoder of claim 1, wherein the Hamming 

the Hamming metric table, such as on initialization of distance table is arranged as a three dimensional look-up 

the decoder. table which stores the Hamming distance metrics for each 

The Hamming distance retrieval circuit 508 determines point of a three dimensional space, wherein: 

the metric address sequence for each received symbol. a a ^ dimension is a range of puncture codes; 
The ACS circuit 510 determines the surviving path met- 20 b a second dimension is a range of received symbols; and 

rics for each received symbol. c a thifd dimension is a range of transition symbols for a 

The inventive apparatus and method provide a method to iculaf ^ ^ ^ received 

generate branch metrics for punctured convolution^ codes ? ^ channel decoder of claim 6 ^ Hammin ^ 

without computing them in real-time metric. Ttns results m distancc ^ ^ m a anent mem 

a significant reduction in computational requirements for g ^ chaQnel decoder of claim 6 me Hammin ^ 

Viterbi decoders, especially for those with large constraint distance {Mc ^ stQrcd ifl a voUUle memory and ^ Ram . 

lengths, wing distance table generator is configured to determine the 

The above described embodiments of .he invention are Hammin distaQce at ^ initialization of the communica- 

mtended to be illustrative only. For example, the mvention ^ device 

has been described using a Hamming dislance as a cost 30 , ^ channe , dccod<tt of daim t wherejn me Hamming 

function. A person skilled in the ait readily recognizes that distance retrieval circuil ^ fm1b „ configured to combine the 

other functions may be suitable and substituted m place of receiyed mre ^ ^ received to obuin m 

a Hamming distance. Numerous alternaUve embodiments address in me Hamming distonce ublc confining desired 

may be devised by those skilled in the art without departing information 

from the spirit and scope of the following claims. « ^ ^ ^ rf ^ ^ a 

1 claim. previous path memory connected to the ACS circuit; and a 

1 A channel decoder in a digiUl wireless communications ^ m connected to the ACS circuit, 

device for decoding a signal encoded using a conventional u ^ decoder of daim t wherein ^ ACS 

encoder having m delay elements, the channel decoder circuit ^ configured to retrieve a branch metric ^ 

receivmg symbols and comprising: determine a surviving path for all states of a particular 

a. a state sequencer configured to group 2 m possible states received symbol by: 

into groups of similar branch metrics; n , n nm f . ... 

^ : a. selecting a group of states; 

b. a Hamming distance table generator responsive to the , „ , _ r , , . , „ „ c 4 , . . . 

& , <s j . j # 1- m „ b. expandmg a first Viterbi butterfly cell for the selected 

state sequencer and configured to determine a Ham- 45 ^ ^ J 

ming distance for possible combinations of puncture & on V> an n „ * 

codes, received symbols, and transition symbols; c - expandmg a second Viterbi butterfly cell for the 

c. a Hamming distance table configured to store results of selected group . 

u* mm ;„„ ^v^n^ t4 ki. n( , nAMtnr . 12. The channel decoder of claim 11, wherein the ACS 

the Hamming distance table generator, . - ' „ . 

. . , . circuit is further configured to expand the first Viterbi 

d. a Hamming distance retrieval circuit responsive to 50 DUtter fl v ce ^j Dv . 

receive a puncture code and received symbols to * . - - . . . 

retrieve appropriate entries stored in the Hamming a - combining a first branch metric for a first path with a 

distance table* and 1 P revious P atn metric to determine a first sum for a 

* • first stale* 

e. an add/compare/select (ACS) circuit responsive to an * 

output of the Hamming distance table and the state 55 b ' combining a second branch metric for a second path 

sequencer to output the surviving path metrics for with a sccoa6 previous path metric to determme a 

trellis states corresponding to each received symbol. SCCODd sum for lhe first stale ^ 

2. The channel decoder of claim 1, wherein the state c. storing a minimum value for the first state selected from 
sequencer is further configured to group the 2 m states into the first sum and second sum; 

groups of (2x2 w, )/2 r , where r is a bandwidth expansion of the 60 d. combining the first branch metric for the first path with 

unpunctured convolutional encoder. the second previous path metric to determine a third 

3. The channel decoder of claim 1, wherein the Hamming sum for a second state; 

distance table generator is further configured to: e. combining the second branch metric for the second path 

a, order transition symbols according to a determined with the first previous path metric to determine a fourth 
sequence received from the state sequencer; sum for the second state; and 

b. order puncture codes and received symbols in increas- f. storing a minimum value for the second state selected 
ing order; from the third sum and fourth sum. 
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13. The channel decoder of claim 12, wherein the ACS 
circuit is further configured to expand the second Viterbi 
butterfly cell by: 

a. combining the first branch metric for the first path with 
a third previous path metric to determine a fifth sum for 
a third state; 

b. combining the second branch metric for the second path 
with a fourth previous path metric to determine a sixth 
sum for the third state; 

c. storing a minimum value for the third state selected 
from the fifth sum and sixth sum; 

d. combining the first branch metric for the first path with 
the fourth previous path metric to determine a seventh 
sum for a fourth state; 

e. combining the second branch metric for the second path 
with the third previous path metric to determine an 
eighth sum for the fourth state; and 

f storing a minimum value for the fourth state selected 
from the seventh sum and eighth sum. 

14. A method of decoding a signal encoded using a 
convolutional encoder having m delay elements, the channel 
decoder receiving symbols, the method comprising the steps 
of: 

a. grouping in a state sequencer 2T possible states into 
groups of similar branch metrics; 

b. determining a distance for possible combinations of 
puncture codes, received symbols, and transition sym- 
bols; 

c. storing in a distance table results of the distance 
determination; 

d. receiving at a distance retrieval circuit a puncture code 
and received bits and retrieving appropriate entries 
stored in a distance table; and 

e. in response to an output of the distance table and the 
state sequencer, an add/compare/select circuit deter- 
mining surviving path metrics for all trellis states 
corresponding to the received symbols. 

15. The method of claim 14, wherein the step of deter- 
mining a distance further comprises the steps of: 

a. ordering transition symbols according to a determined 
sequence received from the state sequencer; 

b. ordering puncture codes and received symbols in 
increasing order; 

c. processing a received symbol with respect to a transi- 
tion symbol; 

d. applying a puncture code to the processed received 
symbol; and 

e. determining a distance for the processed received 
symbol. 

16. The method of claim 15, wherein the step of deter- 
mining a distance further comprises the step of determining 
the distance for a plurality of puncture codes, received 
symbols, and transition symbols. 

17. The method of claim 15, wherein the step of deter- 
mining a distance is performed at an initialization of a 
communications device. 

18. The method of claim 14, wherein the step of retrieving 
appropriate entries stored in a distance table further com- 
prises combining the received puncture code and received 
symbol and obtaining an address in the distance table 
containing the appropriate entries. 

19. The method of claim 14, wherein the step of deter- 
mining the surviving path metrics for all states correspond- 



ing to the received symbols further comprises the steps of 
expanding a plurality of Viterbi butterfly cells. 

20. The method of claim 19, wherein the step of expand- 
ing a first Viterbi butterfly cell further comprises the steps of: 

5 a. combining a first branch metric for a first path with a 
first previous path metric to determine a first sum for a 
first state; 

b. combining a second branch metric for a second path 
with a second previous path metric to determine a 

to second sum for the first state; 

c. storing a minimum value for the first state selected from 
the first sum and second sum; 

d. combining the first branch metric for the first path with 
the second previous path metric to determine a third 

is sum for a second state; 

e. combining the second branch metric for the second path 
with the first previous path metric to determine a fourth 
sum for the second state; and 

f. storing minimum value for the second state selected 
20 from the third sum and fourth sum. 

21. The method of claim 20, wherein after the step of 
determining the first sum, increasing an address of the 
distance table to point to the second branch metric for the 
second path and increasing a previous path memory address 

25 pointer to point to a second previous path memory. 

22. The method of claim 20, wherein after the step of 
determining the second sum, decreasing an address of the 
distance table to point to the first branch metric for the first 

3Q path and leaving a previous path memory address pointer 
unchanged. 

23. The method of claim 20, wherein after the step of 
determining the third sum, increasing an address of the 
distance table to point to the second branch metric for the 

35 second path and decreasing a previous path memory address 
pointer to point to a first previous path memory. 

24. The method of claim 20, wherein the step of expand- 
ing a second Viterbi butterfly cell further comprises the steps 
of: 

40 

a. combining the first branch metric for the first path with 
a third previous path metric to determine a fifth sum for 
a third state; 

b. combining the second branch metric for the second path 
with a fourth previous path metric to determine a sixth 
sum for the third state; 

c. storing a minimum value for the third state selected 
from the fifth sum and sixth sum; 

d. combining the first branch metric for the first path with 
so the fourth previous path metric to determine a seventh 

sum for a fourth state; 

e. combining the second branch metric for the second path 
with the third previous path metric to determine an 
eighth sum for a fourth state; and 

55 f. storing a minimum value for the fourth state selected 
from the seventh sum and the eighth sum. 

25. The method of claim 24, wherein after the step of 
determining the fifth sum, increasing an address of the 
distance table to point to the second branch metric for the 

60 second path and decreasing a previous path memory address 
pointer to point to a fourth previous path memory. 

26. The method of claim 24, wherein after the step of 
determining the sixth sum, decreasing an address of the 

65 distance table to point to the first branch metric for the first 
path and leaving a previous path memory address pointer 
unchanged. 
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27. The method of claim 24, wherein after the step of 
determining the seventh sum, increasing an address of the 
distance table to point to the second branch metric for the 
second path and increasing a previous path memory address 
pointer to point to a third previous path memory. 

28. The method of claim 14, wherein the distance table is 
a Hamming distance table and wherein the step of deter- 
mining a distance further comprises determining a Hamming 
distance. 
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29. A cost table for a channel decoder comprising a store 
of cost metrics for points of a three dimensional space, 
wherein: 

a. a first dimension is a range of puncture codes; 

b. a second dimesion is a range of received symbols; and 

c. a third dimension is a range of transition symbols for a 
particular puncture codes and received symbol. 
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